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REMARKS ON THE WDW EQUATION 


ROBERT CARROLL 

UNIVERSITY OF ILLINOIS, URBANA, IL 61801 

Abstract. We show a kind of converse to some results of Hall and 
Reginatto on exact uncertainty related to the Schrodinger and Wheeler- 
deWitt equations. Some survey material on statistical geometrodynam- 
ics is also sketched. 
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1. INTRODUCTION 

We abbreviate SE for the Schrodinger equation and WDW for the Wheeler- 
deWitt equation. 

2. EXACT UNCERTAINTY AND THE SE 

The exact uncertainty principle of Hall and Reginatto is discussed at 
length in 0 m ma ei m. Basically following e.g. E3 El one de¬ 
fines Fisher information via (•) F x = f dxP(x)[d x log(P(x ))] 2 and a Fisher 

length by 5x = F x where P(x) is a probability density for a 1-D observ¬ 
able x. The Cramer-Rao inequality says Var(x) > Fp 1 or simply Ax > 5x. 
For a quantum situation with P(x) = |V’(x , )| 2 and V' satisfying a SE one 
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finds immediatly 

( 2 . 1 ) 


Fx 



t_ £ 

ip ip 


2 

dx = 


4 J dxip'ip' + J dxl'ipY 


ip' ip' 

ip ■ip 


7/1 2 


= ^2 [< P 2 - < Pd ></>] 


where p c i = {h/2i)[{ip'/ip) — (ip 1 /ip)] is the classical momentum observable 
conjugate to x (~ Sx for ip = Rexp(iS/h)). Setting now p = p c i + p nc 
one obtains after some calculation (♦) F x = ( 4/h 2 )(Ap nc ) 2 = 1 /(5x) 2 =$■ 
5xAp nc = h/2 as a relation between nonclassicality and Fisher information. 
Note < p >^=< pd dt\ip\ 2 + d x ]\ip\ 2 m~ l p c i] = 0 from the SE, and 
(Ax)(A p) > (5x)(Ap) > (6x)(Ap nc ). 


We recall also that from (EH F x is proportional to the difference of a 
quantum and a classical kinetic energy. Thus ( h 2 /A)F x (l/2m ) = (l/2m) < 
p 2 >^ —(1/2 m) < p/j >^ and Ep = (h 2 /8m)F x is added to E c i to get 
Equant■ By deBroglie-Bohm (dBB) theory there is a quantum potential 


( 2 . 2 ) 


Q 


8 m 



; p = \M 2 


and evidently (★) < Q >^= j PQdx = ( h 2 /8m)F x (upon neglecting the 
boundary integral term at ±oo - i.e. P' —> 0 at ±oo). 


Now the exact uncertainty principle (cf. Til (To) ') looks at momentum 
fluctuations (#) p = V5 + / with < / >= / =0 and replaces a classical 
ensemble energy < E > c i by (P~ \ip\ 2 ) 


(2.3) < E >= 


dxP 


(2m) _1 |V5 + f\ 2 + V 


—< E > c i + 


dxP 


LI 

2m 


Upon making an assumption of the form (4) / • / = a(x, P, S, VP, V S, ■ ■ ■) 
one looks at a modified Hamiltonian (••) H q [P,S] = H c i + f dxP(a/2m). 
Then, assuming 

(1) Causality - i.e. a depends only on S , P and their first derivatives 

(2) Independence for fluctuations of noninteracting uncorrelated en¬ 
sembles 

(3) / —> L t f for invertible linear coordinate transformations x —► L -1 x 

(4) Exact uncertainty - i.e. a = / • / is determined solely by uncer¬ 
tainty in position 

one arrives at 


(2.4) 


Hq = H d +C / dx 


/■ 


VP-VP 


2 mP 
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and putting h = 2^/c with ip = \/Pexp(iS/K) a SE is obtained (cf. Sections 
4 and 5 for more detail). 


As pointed out in m in the SE situation with Q as in ( 12 . 2[h in 3-D one 
has 



2 A P- — (VP) 2 


drx = 


8 m 


j ^(VP) 2 d 3 x 


since APd?x = J 9 q VP • ndX can be assumed zero for VP = 0 on dfl. 

Hence (cf. Section 5 for more precision) 


THEOREM 2.1. Given that any quantum potential for the SE has the 
form (12.211 (with VP = 0 on dfl) it follows that the quantization can be 
identified with momentum fluctuations of the type studied in m and thus 
has information content as described by the Fisher information. 


3. WDW 


The same sort of arguments can be applied for the WDW equation (cf. 

EB1231123 02103 EH). Thus take an ADM situation 

(3.1) ds 2 = -{N 2 - h ij NiNj) + 2N i dx i dt + h ij dx i dx j 


and assume dynamics generated by an action (♦♦) A = f dt[H+f DhPdtS]. 
One will have equations of motion (★★) d t P = 5H/5S and dtS = —5H/5P 
(cf. [51125]h A suitable “classical” Hamiltonian is 


(3.2) 


Hc[P,S] 


f 

5S 1 

/ T)hPH 0 

hij,— 
Shij _ 


H 0 = 




2 NiVjTT ij 


where G t jkl is the deWitt (super)metric (JfrJfr) Gijke = (1 /Vh)(hikhj£ + 
huhjk—hijhkc) and V ~ cVh{2K— 3 R). Then thinking of 7r* J = 5S/5hij+f 
and e.g. H q = H c + (1/2) f DhP f dxNGijkif 1 ^ f ke one arrives via exact 
uncertainty at a Fisher information contribution (cf. H) 5Uj ) 


(3.3) 


H q [P,S] 


Hd + l 



dxN Gjj 


1 5P 5P 
P Shij Shfcg 


with h 
(3.4) 


2 y/c and = \fPexp{iS/K) resulting in (for N 

tp = 0 


h2 5 r 5 

-D ijkt— -h V 


2 Sh 




5hki 


1 and Ni = 0) 















4 


ROBERT CARROLL UNIVERSITY OF ILLINOIS, URBANA, IL 61801 


with a sandwich ordering {Gijki in the middle). In general there are also 
constraints 


(3.5) 


W = m = a,i, = 0 ’ 


bip 

5hjj 


We note here (keeping N = 1 with N t = 0) 
(3.6) 


5 hi 


G 


ijki 


5hkt 


VPe iS/h ) = 


5Gi 


ijke 1 p- 1/2 or , 

n-*- c* 7 1 


5h. 


= 0 


5P zP 1 / 2 SS 


13 


+G ufe J->- 3/2 ^^ + ^- 1/2 


2 5hki h bhki 
b 2 P pl/2 §s §s 


+ 


+4p-v 2 

2 h 


bhki 6h r j 

bP bS bS 5P 

+ 


ShfcgShij K 2 bh^-p 5hij 

ipl/2 d 2 S 


+ 


^Shk£ Shij Sh^g Shij) h Shj^gShij 

Therefore writing out the WDW equation gives 


iS/h 


(3.7) 


+ 


h 2 5 


4 P bh 


13 


G 


5P 


8P 2 


G 


ijki 


5P 5P 
bhki bh 


+ Gijke 


13 


ijki r-, 

dhki 

h 2 5 2 p 


+ 


8 P bhijShij 


+ 


2P^JP + G 


(_b^bS_ + bS bP 


Shij Shj^g \Shj^g Shij Shj^g Sh 


1 bS SS 

2 Shfog Sh{j 

+ 2PC 


Shkebh. 


+ 17 = 0; 

= 0 


13 


It is useful here to compare with — (h 2 /2m)i/3" + Vi/j = 0 which for 
i/j = Rexp(iS/h ) yields 


(3.8) 


2m 


S 2 x + V + Q = 0; Q = — 


St 

to 

_ h 2 

2 P" 

f P f \ ^ 

4m R 

8 m 

P 

VP" ) 


along with d(R 2 S') = d(PS') = 0 (leading to (2.5)). The analogues here 
are then in particular 

(OQ\ _L q2 bS bS 

( 3 - 9 ) 2m Sx ~ 2° ijH 


ti__b_ 

PPJh 


13 L 


G 


bhki bhij 
5P 


H 2 

2 P" 

( P' \ 2 

8 m 

P 

[P ) 


ijki 


bhki 


+ G 


[tf_b]^bP_ ft 2 b 2 P \ 
ijM | 8 p2 bh kf + 4 P Shij8h k i } 


We note that the Q term arises directly from 


(3.10) 


q = -—p-v 2 A 

4 2 bh 


G 


ij k £' 


V 


bP v 2 \ 

bhki ) 
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and hence 
(3.11) 


VfPQ = - 


h 2 



Shij 


>m Sh u J 


But from J DfS[ ] = 0 one has (cf. (4.3)) 


(3.12) 


Shi 


G 


ij kl ' 


6P V 2> 

Shki 


u, spl,2 r spl/2 

~~ I P J —FT- 


5 hi 


bhki 


This suggests heuristically (see Section 4 for more details of proof and 
Section 5 for more precision) 


THEOREM 3.1. Given a WDW equation of the form (3.4) with asso¬ 
ciated quantum potential given via (3.10) (or (3.9)) it follows that the 
quantum potential can be expressed via momentum fluctuations as in (3.3) 
(for N = 1). 


4. SOME FUNCTIONAL CALCULUS 


We go here to [H HH EZl and will first sketch the derivation of (3.4) 
following 123, (231 (cf. also $3). The relevant functional calculus goes as 
follows. One defines a functional F of fields / and sets 

(4.1) SF = F[f + 5f] - F[f] = J dx^-5f x 

Here e.g. dx ~ d 4 x and in the space of fields there is assumed to be a 
measure 2)/ such that j D f = J for /' = / + h (cf. [%1125]). Then 
evidently (44) / r £f{SF/5f) = 0 when / Df F[f] < 00 . Indeed 

(4.2) 0 = J D/(F[/ + Sf] - F[f]) = f dxSf x 2)/|0 

and this provides an integration by parts formula 



for P[f] a probability density functional. Classically a probability density 
functional arises in discussing an ensemble of fields and conservation of 
probability requires 


(4.4) 


9.P + W dxP (p S F 

Sfg V Sg% 


g=5S/Sf j 


where g x is the momentum corresponding to /“ and one assumes a motion 
equation 



= 0 


(4.5) 


d t S + H 
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The equations of motion here are then 


(4.6) 


d t P = 


AH 

AS’ 


d f S 


H 
A P 


where (•••) H(P,S,t ) =< H >= f DfPH(f,(5S/5f),t). The variational 
theory here involves functionals I[F] = f Qf £(F, 5F/5f) and one can write 


(4.7) 

A I = I[F + AF]-I[F] 



—A F + 
dF 


( dj \ 5(AF) - 
\d(5F/6f x )J Sf x 


-M£-h 


&fx 


( _ d_i_ 


+ J dx J® f 6fx [ \d(6F/6f 


Y 


\d(5F/ 5f x ) 

dt 


A F+ 


5F 


Assuming the term J D f [ ]AT is hnite the last integral vanishes and one 
obtains (♦♦♦) A I = f T>f(AI/AF)AF, thus defining a variational deriv¬ 
ative 


(4.8) 


^ = [ dx ± ( * \ 
AF OF J Sf x \d(SF/df x ) J 


In the Hamiltonian theory one can work with a generating function S such 
that (★★★) g = 5S/5f and dtS + H(f,6S/5f,t ) = 0 (HJ equation) and 
solving this is equivalent to dtf = 5H/5g and dtg = —5H/5f (cf. B51). 
Once S is specified the momentum density g is determinied via g = SS/5f 
and an ensemble of fields is specified by a probability density functional 
P[f] (and not by a phase space density functional^[/.</]. In the HJ formu¬ 
lation one writes (4k&£) V x [/] = df x /dt = (SH/Sg)\ g= ss/Sf) an d hence the 
associated continuity equation dt f DfP is 

( 4 . 9 ) d t P + J dx-£r[PV x \ = 0 

provided < V x > is hnite. 


Now after proving (2.4) one proceeds as follows to produce a SE. The 
Hamiltonian formulation gives (4k<M) &tP = AH/AS and dtS = — A H/5P 
where the ensemble Hamiltonian is 

(4.10) H = H[P, 5, t] =< H >= J T)fPH[f, 5S/5f, t] 

where P and S are conjugate variables. The equations (<M4k) arise from 
A A = 0 where A = f dt[—H+f DfSdtP■ One specializes here to quadratic 
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Hamiltonian functions 

(4.11) H c [f,g,t}=J2dxK?[f]g a x g b x + V[f} 

a,b 

and to this is added a term as in (2.4) to get H (which does not depend on 
S). Hence from (djktM) with dtf x = 8H c /5g x one obtains following (4.9) 

(4.12) d t P+[dx— 

J OJx 

(cf. 4.8)). The other term in H is simply 

(4.13) (h 2 / 4) JvfJ PK?{5P/5f a x ){5P/8f b x ){l/P 2 ) 


P- 


>— 

8Sx 


= 0 


n=bS/bf 


and this provides a contribution to the HJ equation via d^S 
which will have the form 


(4.14) 



corresponding to (3.10). We note further then from (3.12) 


-AH/AP 


(4.15) Q 


h 2 r 

~2 J 


dxG. 


ij kl ' 


SP V2 SP l / 2 h 2 

Shij 8 


h 2 r 

J 


dxG 


ijkl 


1 5P 6P 
P 8hi j Shkp 


as in (3.3). Hence Theorem 3.1 is established under the hypotheses indi¬ 
cated concerning Df etc. 


5. ENTROPY AND FISHER INFORMATION 

We recall first (cf. [7], ITT]) that the relation between the SE and 
the quantum potential (QP) is not 1-1. The QP Q depends on the wave 
function ip = Rexp(iS/h ) via Q = —(h 2 /2)(AR/R) for the SE and thus 
the solution of a quantum HJ equation, involving S and R(via Q), requires 
the companion “continuity” equation to determine S and R (and thence 
ip). There is some lack of uniqueness since Q determines R only up to 
uniqueness for solutions of A R + (2 m/h 2 )QR = 0 and even then the HJ 
equation St + • • ■ = 0 could introduce still another arbitrary function (cf. 
mm- Thus to indicate precisely what is said in Theorems 2.1 and 3.1 
we rephrase this in the form 

THEOREM 5.1. In Theorem 2.1 we see that given a SE described via 
a probability distribution P (= |i/’| 2 ) one can identify this equation as a 
quantum model arising from a classical Hamiltonian H c i perturbed by a 
Fisher information term as in (2.4). Thus the quantization involves an in¬ 
formation content with entropy significance (cf. here flOl S 07 ) for entropy 
connections). This suggests that any quantization of H c i arises (or can 







ROBERT CARROLL UNIVERSITY OF ILLINOIS, URBANA, IL 61801 


arise) through momentum perturbations related to Fisher information and 
it also suggests that P = \i/.>\ 2 (with f Pd 3 x = 1) should be deemed a re¬ 
quirement for any solution ijj of the related SE (note J Pd 3 x = 1 eliminates 
many putative counterexamples). Thus once P is specified as a probability 
distribution for a wave function = \/Pexp(iS/h) arising from a SE cor¬ 
responding to a quantization of H c i, then Q can be expressed via Fisher 
information. Similarly given Q as a Fisher information perturbation of H c i 
(arising from momentum fluctuations involving P as in (2.4)) there is a 
unique wave function ij) = \/Pexp(iS/h) satisfying the corresponding SE. 

THEOREM 5.2. For Theorem 3.1 let us assume there exists a suitable 
Df as in Section 4, which is a measure in the (super)space of fields h. Then 
there is an integration by parts formula (4.3) which removes the need for 
considering surface terms in integrals f d A x (cf. I8| for cautionary remarks 
about Green’s theorem, etc.). Consequently given a WDW equation of the 
form (3.4) with corresponding Q as in (3.10) (and ifj = \ /r Pexp(iS/h), one 
can show that the equation can be modelled on a perturbation of a clas¬ 
sical H c via a Fisher information type perturbation as in (3.3) (cf. here 
IS 1X21E9 ). Here P represents a probability density of fields hjj which 
determine Gijki (and V incidentally) and the very existence of a quantum 
equation (i.e. WDW) seems to require entropy type input via Fisher infor¬ 
mation fluctuation of fields. This suggests that quantum gravity requires a 
statistical spacetime (an idea that has appeared before - cf. Jj5|). 

We sketch now some material from nans supporting the idea of a sta¬ 
tistical geometrodynamics (SGD). Here one builds a model of SGD based 
on (i) Positing that the geometry of space is of statistical origin and is ex¬ 
plained in terms of the distinguishability Fisher-Rao (FR) metric and (ii) 
Assuming the dynamics of the geometry is derived solely from principles of 
inference. There is no external time but an intrinsic one a la [Sj. A scale 
factor (j(x) is required to assign a Riemannian geometry and it is conjec¬ 
tured that it can be chosen so that the evolving geometry of space sweeps 
out a 4-D spacetime. The procedure defines only a conformal geometry but 
that is entirely appropriate d’apres m • One uses the FR metric in two 
ways, one to distinguish neighboring points and the other to distinguish 
successive states. Consider then a “cloud” of dust with coordinate values 
y l (i = 1,2, 3) and estimates x l with p(y\x)dy the probability that the par¬ 
ticle labeled x l should have been labeled y l (the FR metric encodes the use 
of probability distributions - instead of structureless points). One writes 

p{y\x + dx) — p{y\x) = dlog\p{y\x)\ t 
p(y\x) dx l 


(5.1) 
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(5.2) dX 2 = / d 4 yp(y\x ) 


dlog\p{y\x)\ dlog[p(y\x)\ 


dx l 


dxi 


dx l dxi = 7 ijdx l dxi 


and d\ 2 = 0 dx 1 = 0. The FR metric 7 ij is the only local Riemannian 

metric reflecting the underlying statistical nature of the manifold of distri¬ 
butions p(y\x ) and a scale factor a giving a metric gij(x ) = a(x)'yij(x) is 
needed for a Riemannian metric (cf. pRij [T3J). Also the metric d\ 2 is related 
to the entropy of p(y\x + dx) relative to p(y\x), namely 

(5.3) S\p(y\x + dx)\p(y\x)] = - j d z yp(y\x + dx)log P ^ V ^+^ 1 - = ~^dX 2 

and maximizing the relative entropy S is equivalent to minimizing dX 2 . 
One thinks of dX as a spatial distance in specifying that the reason that 
particles at x and x + dx are considered close is because they are dif¬ 
ficult to distinguish. To assign an explicit p(y\x) one assumes the rel¬ 
evant information is given via < y l >= x l and the covariance matrix 
< (y l — x l )(y J — x 3 ) >= G nj (x)-, this leads to 


(5.4) 


p{y\x) 


C V 2 

J^ exp 



x l ){y J 



where C lk Ckj = X- and C = det(cij). Subsequently to each x one associates 
a probability distribution 


(5.5) 


p(y\x, 7 ) 


7 1//2 (x) 

(27t) 3 / 2 


exp 



7 ij(x)(y l 


x l ){y 3 



where 7 ij(x) = Cij(x ) (extreme curvature situations are avoided here). One 
deals with a conformal geometry described via 7 ^ and a scale factor <j{x) 
will be needed to compare uncertainties at different points; the choice of a 
should then be based on making motion “simple”. 


Thus define a macrostate via 

( 5 . 6 ) P[y\l\ = W_P{y{x)\x^ij{x)) = 

X 


TT l 1/2 {x) 
II ( 2vr )3/2 


exp 


1 

2 


^2lij(x){y l 




x j ) 


Once a dust particle in an earlier state 7 is identified with the label x one 
assumes that this particle can be assigned the same label x as it evolves 
into the later state 7 + A 7 (equilocal comoving coordinates). Then the 
change between P[y (7 + A 7 ] and P[y| 7 ] is denoted by Al and is measured 
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via their relative entropy (this is a form of Kullback-Liebler entropy - cf. 

m 

(5.7) 


5 [7 + A 7 I 7 ] 


J (n*(*)) + A ^ i ° g P[y p[y\^ ] 



Since P[y| 7 ] and P[y (7 + A 7 ] are products one can write 


(5.8) S[j + A 7 , 7 ] = 5 [7(®) + A 7 (x), 7(x)] = 

X 


= A ^ 2 ( x ); M 2 (x) = g 13k£ Ajij(x)Ajk£(x) 

X 

where, using 


(5.9) 


g' 3kt = I d 6 yp{y\x,-f) 


dlog\p(v\x, 7 )] dlog\p(y |ar, 7 )] 


57 




^7 kt 


1 f„,ik„,ji 1 k\ 

= _ ^ ryj + 7 7^ j 

Then AT 2 = J)) T A£ 2 (x’) can be written as an integral if we note that 
the density of distinguishable distributions is 7 1 / 2 . Thus the number of 
distinguishable distributions, or distinguishable points in the interval dx is 
dxy 1 / 2 (dx ~ d 3 x) and one has 

(5.10) A L 2 = J dx 7 1 / 2 A£ 2 = J darf 1 ^g ijke A'y ij A'y kt 


Thus the effective number of distinguishable points in the interval dx is 
finite (due to the intrinsic fuzziness of space). Now to describe the change 
A 7 ij(x) one introduces an arbitrary time parameter t along a trajectory 

(5.11) A jij = 7 ij(t + At, x) - 7 ij(t, x) = dtJijAt 
Thus dt'jij is the “velocity” of the metric and (15.101) becomes 

(5.12) A L 2 = J dx'y 1/2 g ljke dt'y i jdt'ykeAt‘ 2 


Now go to an arbitrary coordinate frame where equilocal points at t and 
t +At have coordinates x l and x l = x l — /3 l (x)At. Then the metric at t +At 
transforms into 77 with 

(5.13) 7 ij(t + At,x) = 7 ij(t + At, x) - (Vift + Vj/3i)At 

where V%/3j = di(3j — T-/3 k is the covariant derivative associated to the 
metric 7 y. In the new frame, setting 77 (t + At, x) — 7 ij(t,x) = A 7 ij one 
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has 


(5.14) 

A/37 ij = At ij - (Vifij + \7jf3i)At ~ Apjij 


'"fij dtHij ^ i ft j V j (3i 

leading to 


(5.15) 

A pL 2 = J dx^ 2 g^ k %^ H At 2 


Next one addresses the problem of specifying the best matching criterion, 
i.e. what choice of /3 l provides the best equilocality match. This is treated 
as a problem in inference and asks for minimum A pL 2 over (5. Hence one 
gets 

(5.16) 5{ApL 2 ) = 2 j dx'y 1/2 g ljkiA f i j'y k iAt 2 = 0 =>• 

=*► ^e(2g ijk %) = 0 = Va ke = 0 

(using (15.91) and = dt^ kl + V k /3 e + S7 l f3 k ). These equations determine 
the shifts /T giving the best matching and equilocality for the geometry 7 ^ 
and alternatively they could be considered as constraints on the allowed 
change A 7 ^ = dt'jijAt for given shifts (3 l . In describing a putative entropic 
dynamics one assumes now e.g. continuous trajectories with each factor in 
P[y|7] evolving continuously through intermediate states labeled via uj{x) = 
u)(,(x) where C(^) is a fixed positive function and 0 < u> < 00 is a variable 
parameter (some kind of many fingered time a la Schwinger, Tomonaga, 
Wheeler, et al). It is suggested that they dynamics be determined by an 
action 

(5.17) J = f dt [ dx^^lg^'iij'iu] 112 

Jti J 

The similarities to “standard” geometrodynamics are striking. 


5.1. INFORMATION DYNAMICS. We go here to |H and con¬ 
sider the idea of introducing some kind of dynamics in a reasoning process. 
One looks at the Fisher metric defined by 


(518) 

and constructs a Riemannian geometry via 



( dpe{x) \ 

V de " j 


(5.19) 



vcr 


R 


fllSK 


dT x 

/IIS 

dd K 


f dg^ v 

V d6 x 

dQ u 


dg\u _ 
+ de ** 

+ r' ? r A 

1 Ills 1 - KT) 


dg^\\ . 
dQ" J ’ 


TW pA 

X flK*- 1ST] 
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Then the Ricci tensor is = R^ K and the curvature scalar is R = 
g^Rfin- The dynamics associated with this metric can then be described 
via functionals 

(5.20) J[g lw ] = J ^fg{¥)R,{Q)d A 6 
leading upon variation in g flv to equations 

(5.21) R ta '{Q)-\tf a '{6)R{9)= 0 

Contracting with g^ u gives then the Einstein equations R^ u (6) = 0 (since 
R = 0). J is also invariant under 6 —* 6 + e{6) and variation here plus 
contraction leads to a contracted Bianchi identity. Constraints can be built 
in by adding terms (1/2) f y/gT^ u g^cftQ to . If one is fixed on a given 

probability distribution p(x) with variable 9 M attached to give po(x) then 
this could conceivably describe some gravitational metric based on quantum 
fluctuations for example. As examples a Euclidean metric is produced in 
3-space via Gaussian p(x) and complex Gaussians will give a Lorentz metric 
in 4-space. 


6. OTHER FORMS OF WDW 


In general there are many approaches to WDW and we cite in particular 

mmmmmmmmmmmmmmmmmmmmmm 

EEl EM Ell IH El El ED EZ1 ESI ESI E3 ED El ESI M ESI ESI EZ1 EH ES E2Z| • 

In particular (for 4> a matter held) the theory of /HI. T”1 leads to a Bohmian 
form 

( 6 . 1 ) 


-h 2 


kG 


ijki 


V = h 1/2 


5hij d hp^f- 
..-R3- 


+ \h 1/2 = 0 ; 


-k~ 1 ( 6 R - 2A) + -h t3 didj<i> + U((f>) 


involving (for A 2 P) 

SS SS 


( 6 . 2 ) 
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S 2 A h~ l / 2 5 2 A S 


5hij 5h k (> 


+ 


where the unregularized Q above depends on the regularization and factor 
ordering prescribed for the WDW equation. In addition to (6.2) one has 


kG 


ijki 


Sh 
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A 2 


SS \ , h~P 2 s 

Shu J 


+ 


2 6<j> \ Sep 


A : 


,5S 


= 0 


(6.3) 
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Other Bohmian situations are indicated in and we are preparing a survey 
article. 
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